Abstract. The linear dispersion of the ion temperature gradient (ITG) modes, in the presence of a non uniform background ion velocity U || = U || (x) e z , in the direction of the sheared equilibrium magnetic field B 0 = B 0 (x) e z , has been studied in the frame of the two-fluid guiding center approximation, in slab geometry. Generally speaking, the presence of an ion flow destabilizes the oscillations. The role of the excited K-H instability is discussed.
INTRODUCTION
The presence of a spontaneous [1] or driven [2] [3] [4] plasma rotation in tokamak discharges is well established, as well as its principal role in the determination of the stability properties of different macroscopic and microscopic modes. Indeed, in the past years, several theoretical investigations have been carried out on the linear and non-linear dynamics of the ITG modes, when the background plasma develops an inhomogeneous macroscopic velocity, being this quite a general issue concerning space plasma physics [5] , as well. With reference to a tokamak plasma configuration, a sheared poloidal rotation has a non-linearly stabilizing effect against modes producing radially elongated vortices [6] . The role of the toroidal component of the plasma rotation is however more intriguing, as it is shown from the results of several theoretical studies where either slab [7] [8] [9] [10] [11] [12] [13] or toroidal [14] [15] [16] ITG stability issues have been investigated. In addition, the stability properties of the ITG modes with a toroidal sheared velocity are of particular interest as a first principle approach to the determination of the anomalous momentum transport observed in tokamak plasmas.
In this paper, we extend our previous studies [17] of the dispersive properties of the ITG modes in a uniform field ( ) , with curvature and shear [18] . The effects of field non-uniformity and field line curvature are modeled by introducing a gravitation-like drift velocity ( ) . Quasi-neutrality € ˜ n e = Z˜ n i is assumed, as well. Ion density, ion parallel velocity and ion pressure are described by means of the continuity equation, the parallel momentum equation, and the adiabatic equation, respectively. Gyroviscosity is retained in the momentum equation, while both collisional and collisionless dissipation mechanisms are neglected. Kinetic effects can be safely neglected, as far as € ω k || v ti >> 1. Due to the magnetic field B 0 non-uniformity, the unitary vector € ˆ b changes direction moving along x. Therefore, for the sake of simplicity, at any x a local Cartesian coordinate system is introduced with
The dispersion relation. Under the above positions, the fluid equations can be worked out and, after a Fourier analysis in y,z,t, we are left with the "local" dispersion relation
where
Here, 
Eq.(1) has been solved by assuming simple analytical expressions for the x-profiles of the various physical parameters: (with reference to a corresponding tokamak configuration) and B p is calculated from a given q(x) profile. As it is seen from Eqs. (3, 4) , the presence of € ′ U || ≠ 0 introduces a dependence of the dispersion on the sign of k || [13, 17] . Specifically, modes with
( ) profiles peaked on-axis, the most unstable modes have € k || < 0. Unless explicitly mentioned, we shall consider these modes in the present analysis. According to the scaling of ITG modes, i.e. 
( ) is defined as
The spatial interval L over which the average is performed formally does not appear when the electrostatic energy density
introduced, once the fluctuation spectrum
For example, for a simple bi-chromatic spectrum made of two vectors with the same ⊥ component, k 0 >0, and opposite || components, ±k ||0 ,
, where
) , so that the e.s. energy density can be written in terms of the intensities I ± . Being a linear theory we can't find a saturation value for the turbulence, so that the fluxes will be normalized to 
THE RESULTS
The case of a uniform magnetic field. First we discuss the stability of ITG modes with The effect of magnetic shear. The shearless slab model with the "toroidal" field only is enriched by adding a "poloidal" component of the magnetic field on the basis of a given q(x) profile. Then, the typical shear-scale
The effect of the shear on the dispersion relation can be described according to two different schemes. First, let's consider a given wave-vector (k ⊥ ,k || ) with |k || |<<|k ⊥ |, such that ion Landau damping is negligible. A sheared magnetic field makes the components k ⊥ and k || vary in such a way that the mode will be localized in a finite xinterval, being strongly damped outside it. Therefore, if we compare the marginal stability lines (γ k =0) in the shearless case [B T (x) only] with those corresponding to the case with sheared magnetic field [B p (x)≠0], in general the modes will be stabilized, just because of the rotation of B 0 (x) with respect to k, in the same x-position.
However, with the new orientation of B 0 , new k's will be made unstable, satisfying the inequality |k || |<<|k ⊥ |. From this point of view, the stabilizing effect of the magnetic shear refers to a given k vector. In addition to this effect, there is a second intrinsic modification of the dispersion arising when a B p (x) is added, that is new terms proportional to € dϑ s dx appear in the dispersion, where
angle of the magnetic field lines. In our model these terms turn out to be negligibly small, although stabilizing. In Fig.4 the lines γ k =0 are drawn in the same parameter space as in Fig.3b , respectively, are plotted as functions of x, in the low field side portion of the slab. Several density, temperatures and velocity profiles have been considered, labeled by α,β,γ. Centrally peaked velocity distributions cause outward fluxes of momentum and pressure. If an inverted velocity profile (that is, hollow) is considered (curve *), the momentum flux reverses, while the pressure flux is almost unaffected.
SUMMARY
The analysis of the linear stability properties of the electrostatic modes, which are excited in a plasma slab in the presence of a sheared ion flow, parallel to the equilibrium magnetic field, show that: i) modes with
U || > 0 are destabilized by the shear flow [13, 17] ; ii) this is due to a new instability appearing at relatively low values of € R L T i , which can be interpreted as the K-H instability already predicted by Catto et al. [7] ; iii) an increasing value of € T i T e > 1 has a stabilizing effect; iv) if density profiles are very flat, then modes with
) ′ U || < 0 are also destabilized; v) the magnetic shear is stabilizing for a given wave-vector, competing with the effect of € ′ U || ≠ 0, however new modes can be locally excited; vi) q.l. momentum flux show a variety of spatial profiles depending on the equilibrium configuration.
